Introduction

26
Gamma-band oscillations arise from a precise interplay between excitation (E) and inhibition (I) The visual stimuli were generated using Presentation software (Neurobehavioral Systems Inc.,
11
USA). We used a PT-D7700E-K DLP projector to present images with a 1280 x 1024 screen 12 resolution and a 60 Hz refresh rate. The experimental paradigm is schematically presented in 
32
(3-6 s) animated cartoon characters were presented between every 2-5 stimuli. The high (100%) and low (50%) contrast gratings were presented in different experimental sessions and 1 the order of these sessions was counterbalanced between subjects. 
9
Short animated cartoon characters were presented randomly between every 2-5 stimuli to 10 maintain vigilance and reduce visual fatigue.
12
Data recording.
13
Neuromagnetic brain activity was recorded using a 306-channel detector array (Vectorview; vertical eye movements. EOG electrodes were placed at the outer canti of the eyes and above
17
and below the left eye. To monitor the heartbeats, one electrocardiogram (ECG) electrode was 18 placed at the manubrium sterni and the other one at the mid-axillary line (V6 ECG lead). MEG, 
9
The de-noised data was filtered between 1 and 200 Hz and down sampled to 500 Hz.
10
To remove biological artifacts (blinks, heart beats, and in some cases myogenic activity), we
11
then applied independent component analysis (ICA). The MEG periods with too high (4e-10
12
fT/cm for gradiometers and 4e-12 fT for magnetometers) or too low (1e-13 fT/cm for 13 gradiometers and 1e-13 fT for magnetometers) amplitudes were excluded from the analysis.
14
The number of independent components was set to the dimensionality of the raw 'SSS-
15
processed' data (usually around 70). We further used an automated MNE-python procedure to
16
detect EOG and ECG components, which we complemented with visual inspection of the ICA
17
results. The number of rejected artifact components was usually 1-2 for vertical eye 18 movements, 0-3 for cardiac, and 0-6 for myogenic artifacts.
19
The ICA-corrected data was then filtered with a discrete Fourier transform filter to 20 remove power-line noise (50 and 100 Hz) and epoched from −1 to 1. The following steps of the data analyses were performed using Fieldtrip Toolbox functions
5
(http://fieldtrip.fcdonders.nl; (Oostenveld et al., 2011) ) and custom scripts developed within 6 MATLAB.
7
We subtracted the averaged evoked responses from each data epoch. This decreases 8 the contribution of phase-locked activity that could be related to the appearance of the visual 9 stimulus on the screen and the effect of photic driving related to the temporal frequency of the 10 stimulation, screen refresh rate, or their interaction.
11
The lead field was calculated using individual 'single shell' head models and cubic 6 12 mm-spaced grids linearly warped to the MNI-atlas-based template grid. The time-frequency
13
analysis of the MEG data was then performed in the following two steps. 
30
frequency decomposition was then repeated while centered at these peak frequencies.
31
Common source analysis filters were derived for combined pre-and post-stimulus intervals 32 using DICS beamforming with a 5% lambda parameter and fixed dipole orientation (i.e, only the 33 largest of the three dipole directions per spatial filter was kept). The filter was then applied 
Results
31
the results separately for the gamma and the alpha-beta ranges. 
19
The grand average and individual gamma response spectra at the 'maximally induced' 
3
The peaks that were unreliable according to at least one of the criteria (i.e. either the 4 absence of an activated cluster or low probability (p>0.0001) of gamma increase at the 5 selected voxels) were further excluded from analyses of the peak frequency and the position of 6 the maximally induced voxel. Note that exclusion of the unreliable gamma peaks affected the 7 degrees of freedom in the corresponding ANOVAs presented below. 
6 7
In the majority of cases, the voxel with the maximal increase in gamma power was explained by a relatively more posterior source location of the gamma maximum in the 'fast' 4 low-contrast condition than in the 'fast' high-contrast condition (-9.5 vs -9.2 cm). Considering 5 the small condition-related differences in the position of the voxel with the maximal increase in 6 gamma power (<0.6 cm, which was the size of the voxel used for the source analysis), all the 7 stimuli activated largely overlapping parts of the primary visual cortex.
9
Effects of contrast and velocity
10
Frequency. Figure 5A shows group mean gamma peak frequency values for the two contrast
11
and four velocity conditions. Gamma frequency was strongly affected by motion velocity of the 12 grating (F (3,39) =78.2,e=0.62 p<1e-6) and, to a lesser extent, by its contrast (F (1,13) =14.3, p<0.01).
13
Inspection of figure 5A shows that increase in velocity resulted in substantial increase of 
25
Power. Figure 5B shows group mean GR peak power values for the two contrast and four 26 velocity conditions. There was highly significant effect of Contrast (F (1,16) =66.2,p<1e-6) on GR 
4
Importantly, there was highly significant Contrast*Velocity interaction effect (F (3,48) =12.4, 5 e=0.78, p<1e-4). The contrast had a stronger effect on GR power for the static and slowly 6 moving stimuli, as compared to the faster (medium and fast) velocities. As a result, the 7 maximum of the inverted bell-shaped power vs. motion velocity curve moved to higher velocity 8 in the low contrast condition, as compared to the full contrast one.
9
Generally, the results confirmed our previous finding of an inverted bell-shaped 10 dependency of GR power on the velocity of visual motion and extended them to two contrast 11 conditions. The significant Contrast*Velocity interaction showed that the form of this bell-
12
shaped curve was modulated by the luminance contrast in such a way that the transition to GR 13 suppression at low contrast occurred at a higher velocity, as predicted by the excitatory drive 14 model.
16
Suppression transition velocity. We further sought to investigate whether the shift to higher velocities in the GR suppression transition point under low contrast is a robust phenomenon,
18
which can be detected at the individual subject level. For each subject, we calculated the 
30
Lowering contrast led to slowing of gamma oscillations (Fig. 4A) ; we therefore also 31 tested if, irrespective of contrast, the point of transition to GR suppression corresponds to a 32 certain gamma frequency. To do this, we approximated the suppression transition frequency the center of gravity of the GR power for each subject (i.e., in the same way as we did for the 
12
The centre of gravity of visual motion velocity that approximates the GR suppression A B variable with frequency.
3
The correlations between contrast conditions were generally very high for gamma 4 frequency (all R's>0.89; all p's <0.0001), with the noticeable exception of the static stimulus
5
(R=0.36, n.s.). For power, all the between-contrast correlations were modestly to highly reliable 6 (Fig. 7A) . The correlation between STVel values measured at the 50% and 100% contrast was 7 high (Fig. 6B , STVel: R (17) =0.91, p<1e-6), suggesting that this measure reliably characterises a 8 subject's rank position in the group, irrespective of contrast changes.
9
The correlations between velocity conditions were also generally high for frequency
10
(Supplementary Table 3 another subject, the alpha-beta suppression measured at the voxels' selection was not 3 significant (p>0.0001) for the 1.2 °/s condition. The grand average spectra in the alpha-beta 4 range for the maximally suppressed voxels are shown in figure 8.
5
ANOVA with factors Contrast and Velocity revealed neither significant main effects of
6
Contrast and Velocity nor Contrast*Velocity interaction for the 'x', 'y', or 'z' coordinates of the
7
'maximally suppressed' voxel (all p's>0.15).
8
We then used ANOVA with factors Band, Contrast, and Velocity to compare positions 9 of the voxels with maximal alpha-beta suppression and those with maximal gamma increase.
10
The effect of Band was highly significant for the absolute value of the 'x' coordinate
11
(F (1,16) =81.9, p<1e-6). The maximally suppressed alpha voxel was positioned substantially more 12 laterally (on average 25 mm from the midline) than that of the maximally induced gamma voxel
13
(on average 8 mm from the midline). As can be seen from Supplementary 
18
Effects of contrast and velocity
19
To check if the magnitude or peak frequency of the alpha-beta suppression response depends 20 on the properties of the stimulation, we performed ANOVA with factors Contrast and Velocity.
22
Power. There was no significant effects of Contrast or Velocity or their interaction effect for the 23 alpha-beta suppression magnitude (all p's>0.5).
25
Frequency. The peak frequency of the alpha-beta suppression sightly, but significantly, 
1
The most important finding of the current study is the effect of luminance contrast on 2 the bell-shaped input-output relationships between visual motion velocity and the magnitude 3 of induced GR . Although at both 50% and 100% contrast, the initially facilitative effect of 4 increasing velocity on gamma response strength was followed by a suppressive one, the 5 maximum of this bell-shaped curve at the 50% contrast shifted to higher velocity, as compared 6 to the 100% contrast (Fig. 3, 5) . Inspection of the individual data has shown that with lowering 7 contrast, the approximated velocity of the gamma suppression transition increased in every 8 single subject (Fig. 6A, 7C ). This finding suggests that a certain level of excitation is necessary 9
for the gamma suppression to occur, which in case of the low contrast is achieved at a relatively high velocity. Thus, our experimental results strongly support the "excitatory drive"
11
model that predicts an additive effect of increasing contrast and velocity/temporal-frequency
12
on the gamma suppression transition point.
13
The shift of the GR suppression transition point to higher velocities with lowering maximal GR would correspond to an 'optimal' velocity, the suppression transition point would
19
rather shift to a lower drifting rate when contrast is reduced.
20
Another and more general argument against the 'velocity tuning' hypothesis is the 
28
Although our findings favor the excitatory drive model, apart from the excitatory drive,
29
there may be other factors that also affect gamma parameters at the suppression transition 
27
When we used a broader range of velocities, we found no reliable correlations
28
between the amplitudes of gamma responses caused by static (0°/s) and rapidly moving
29
(3.2°/s, 6.0°/s) stimuli (Fig. 7B) . Thus, the intra-individual stability of gamma power across these 
26
Of note, the weighted peak frequency of the alpha-beta suppression slightly, but 27 significantly, increased with increasing velocity of visual motion, most probably because of 28 stronger beta suppression associated with higher velocity (Fig. 8B ). It would be interesting to
29
investigate in more detail how activity in the beta and low gamma ranges is affected by 30 increasing velocity of the visual motion, but this topic is beyond the scope of the present study. 
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